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HCA COPYRIGHT 2003 ACS on STN 
137:127590 HCA 

***Solar*** ***cell*** , and 

***interconnector*** and string for 
***solar*** ***cell*** 
Tanaka, Satoshi 
Sharp Corp . , Japan 
Jpn. Kokai Tokkyo Koho, 8 pp. 
CODEN: JKXXAF 



^6 



DOCUMENT TYPE: P^ent 

LANGUAGE : Japanese 

FAMILY ACC. NUM. COUNT: 1 
PATENT INFORMATION: 



PATENT NO. KIND DATE APPLICATION NO. DATE 



JP 2002217434 A2 20020802 JP 2001-11603 20010119 

US 2002148499 Al 20021017 US 2002-3868lJl^ 20020108 

PRIORITY APPLN. INFO.: JP 2001-11603 A ' 20010119 

AB The ***solar*** ★★★cell*** has electrodes coated with a 

★**Pb*** - ★★★free*** ***solder*** . The solder is also used 

for the ***solar*** ***cell*** ***interconnector*** and 

string for the ***interconnector*** 
IT ★★★11144-61-9*** ***157421-78-8*** 

( ***lead*** ***free*** ***solders*** for electrode 

coating and ***interconnectors*** for ***solar*** 
***cells*** ) 
RN 11144-61-9 HCA 

CN Silver alloy, nonbase, Ag,Sn {9CI) (CA INDEX NAME) 

Component Component 

Registry Number 



Ag 7440-22-4 
Sn 7440-31-5 

RN 157421-78-8 HCA 

CN Silver alloy, nonbase, Ag,Bi,Sn (9CI) (CA INDEX NAME) 



Component Component 

Registry Number 



Ag 7440-22-4 
Bi 7440-69-9 
Sn 7440-31-5 



IC ICM H01L031-04 

ICS B23K001-0C); B23K001-20; B23K035-26 
CC 52-2 (Electrochemical, Radiational, and Thermal Energy Technology) 
ST ***solar*** ★★★cell*** electrode ***interconnector*** 

***lead*** ★★★free*** ***solder*** string 

IT ■***Solders*** 

( ***lead*** ***free*** ***solders*** for electrode 

coating and ***interconnectors*** for ***solar*** 

***cells*** ) 
IT ***Solar*** ***cells*** 

( ***lead*** ***free*** ***solders*** for 

***solar*** ***cell*** electrode coatings and 

***interconnectors*** ) 
IT 7429-90-5, Aluminum, uses 7440-22-4, Silver, uses 

(electrodes with ***lead*** ***free*** ***solder*** 

coatings for ***solar*** ***cells*** ) 

IT ***11144-61-9*** ***1574 21-78-8*** 

( ***lead*** ***free*** ***solders*** for electrode 

coating and ***interconnectors*** for ***solar*** 

***cells*** ) 
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INVENTOR (S) : 
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SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



"hod for forming ***sola^** 
contacts and ***interconnecting*** 
***solar*** ***cells*** 
Borenstein, Jeffrey T.; Gonsiorawski, 
Mobil Solar Energy Corp., USA 



***cell*** 



Ronald C, 



PCT Int. Appl 

CODEN: PIXXD2 

Patent 

English 

1 



51 pp. 



PATENT NO. 




KIND 


DATE 


WO 


9222929 




Al 


19921223 




W: AU, 


CA, 


JP, KR 






RW: AT, 


BE, 


CH, DE, 


DK, ES, 


US 


5178685 
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19930112 


AU 


9219229 




Al 


19930112 


AU 


647285 




B2 


19940317 


EP 


542959 




Al 


19930526 




R: BE, 


CH, 


DE, ES, 


FR, GB, 


JP 


06500670 




T2 


19940120 



APPLICATION NO. DATE 



WO 1992-US3592 



19920430 



FR, GB, GR, IT, LU, MC, NL, SE 



US 1991-713687 
AU 1992-19229 



•911329 



19910611 
19920430 

19920430 



IT, 



PRIORITY APPLN. INFO. 



AB 



19920430 
19910611 
19920430 



IT 



RN 
CN 



EP 1992- 
LI, NL 

JP 1992-511474 
US 1991-713687 
WO 1992-US3592 

The Ag-rich contacts are formed by firing an ink or paste contg. 
spherical Ag particles before firing. * * * Int_e-rconnec t ions* * * 
between the cells are prepd. by using a Sn-(2-4)% Ag solder paste. 
The contacts show little or no decrease of peel strength after 
exposed high temps., e.g., 150. degree.. 
***139658-38-l*** 

(solder, for ***interconnecting*** ***solar*** 

***cells*** with silver-rich contacts) 



139658-38-1 HCA 

Tin alloy, base, Sn 96-98, Ag 2-4 



(9CI) (CA INDEX NAME) 



Component Component Component 

Percent Registry Number 

Sn' 96 - 98 7440-31-5 

Ag 2-4 7440-22-4 



IC .ICM H01L031-05 
ICS H01L031-18 

CC 52-2 (Electrochemical, Radiational, and Thermal Energy Technology) 
ST ***solar*** ***cell*** silver elec contact 

IT Electrodes 

( ***photoelec*** ..- ***cell*** , silver-rich, manuf. of 

thermal damage -resistant) 
IT 7440-22-4, Silver, uses 

(elec. contacts, for ***solar*** ***cells*** , manuf. of) 

IT 147625-78-3, 4942D 

(in manuf. of silver-rich contacts for ***solar*** 

***cells*** ) 
IT ***139658-38-l*** 

■ (solder, for *** interconnecting*** ***solar*** 

***cells*** with silver-rich contacts) 
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TITLE: ^^ernative methods for bondf^ solar array 

***interconnects*** 
AUTHOR (S) : Kelly, George J. 

CORPORATE SOURCE: Solarex Aerosp., Gaithersburg, MD, 20877, USA 

SOURCE: Proceedings of the Intersociety Energy 

Conversion Engineering Conference (1984) , 

19th(Vol. 1), 512-17 

CODEN: PIECDE; ISSN: 0146-955X 

DOCUMENT TYPE: Journal 

LANGUAGE : English 

AB Solders and application techniques were evaluated to improve the 
survivability of solar-array ***interconnections*** during 
thermal cycling. The performance of each method was compared by 
visual examn. of the bonded joints, pull tests, and resistance 
measurements before and after thermal cycling. The samples were 
cycled for . Itoreq. 20 , 000 times from -75 to 65. degree, to simulate 
the temp, environment typically encountered by solar arrays in low 
earth orbit. The Sn-Ag solder will withstand thermal cycling with 
minimal degrdn., when compared to the frequency used Sn-Pb-Ag type. 

IT ★★★iii44-6i_9*** 

(solders, for solar array ***interconnects*** ) 
RN 11144-61-9 HCA 

CN Silver alloy, nonbase, Ag,Sn (9CI) (CA INDEX NAME) 



Component Component 

Registry Number 



Ag 7440-22-4 
Sn 7440-31-5 

CC 52-2 (Electrochemical, Radiational, and Thermal Energy Technology) 

Section cross-reference (s) : 56 
ST solder solar array ***interconnect*** ; ***cell*** 

***solar*** array ***interconnect*** solder; tin silver solder 

solar array; lead tin silver solder array 
IT Photoelectric devices, solar 

(array of, solders for ***interconnects*** of) 
IT • Solders 

(silver-tin alloy, for solar array • ***interconnects*** ) 
IT ***iii44-61-9*** 56925-19-0 

(solders, for solar array ***interconnects*** ) 
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L30 ANSWER 1 OF 1 HCA COPYRIGHT 2003 ACS on STN 

134:171130 A review of electrically conductive adhesive technology for 

use in surface-mount microelectronics- Rafanelli, Anthony J. (Naval 
& Maritime Integrated Systems, ASME International Raytheon Company, 
Portsmouth, RI, 02871, USA). EEP (American Society of Mechanical 
T Engineers), 28 (Packaging of Electronic and Photonic Devices), 

197-202 (English) 2000. CODEN: EEAEEM. Publisher: American Society 
of Mechanical Engineers. 

AB Interest in alternatives to lead solders continues to increase due 
to several initiatives addressing the redn. of lead usage and 
subsequent exposure to the environment. Alternative materials can 
be categorized into two main groups: elec. conductive adhesives 
(polymers) and ***non*** - ***lead*** ***solders*** . Over 

the past ten years, many non- leaded solders have been developed and 
introduced to the electronics industry. Despite some success 
regarding processability , several issues still exist regarding use 
of these materials as "drop- in", replacements for traditional leaded 
solders, e.g. eutectic tin- lead. This paper provides an overview of 
the second alternate material group, i.e. elec. conductive 
adhesives. An attempt is made to compare the characteristics of 
these materials to the tin-lead benchmark. A summary of key 
material properties is also included. Finally, a position is 
presented regarding the approaches taken in evaluating these 
materials as suitable substitutes for tin-lead eutectic solder. 
Focus is on applications in surface mount technol . (SMT) 
***interconnection*** since solder is the primary bonding medium 
for ***interconnections*** . In general, these materials are 
acceptable for most . applications . Applications under harsh service 
and environmental conditions, however, would require evaluation on a 
case-by-case basis. Many refs. 

CC 76-0 (Electric Phenomena) 
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15/7;DE/1 (Item 1 from file: 2) 

DIALOG (R) File 2 : INSPEC 

(c) 2003 Institution of Electrical Engineers. All rts. reserv. 

7035415 INSPEC Abstract Number: B2001-10-0170Q-003 
^Title: ISO 14000 introduction in the photovoltaic industry 

Author (s) : Rosenblum, M.D.; Brown, R.L.; Gonsiorawski , R. ; Kalejs, J. P. 

Author Affiliation: ASE Americas Inc., Billerica, MA, USA 

Conference Title: Conference Record of the Twenty-Eighth IEEE 
Photovoltaic Specialists Conference - 2000 (Cat. No . 00CH37036) p. 1476-8 
Publisher: IEEE, Piscataway, NJ, USA 

Publication Date: 2000 Country of Publication: USA xxxii+1838 pp. 
ISBN: 0 7803 5772 8 Material Identity Number: XX-2000-00406 

U.S. Copyright Clearance Center Code: 0 7803 5772 8/2000/$10 . 00 
Conference Title: Proceedings of 28th IEEE Photovoltaic Specialists 
Conference 

Conference Sponsor: IEEE Electron Devices Soc 

Conference Date: 15-22 Sept. 2000 Conference Location: Anchorage, AK, 
USA 

Language: English Document Type: Conference Paper (PA) 
Treatment: Practical (P) 

Abstract: ASE Americas has initiated a program to become certified under 
the ISO 14 001 environmental management system. Background information is 
provided about the ISO 14000 series of standards, along with benefits 
resulting from certification. Details specific to the efforts being 
undertaken at our facility to become ISO 14001 certified are given. A gap 
audit has been conducted to assess our current state of readiness in 
advance of the registration process: highlights of the findings are 



presented. We then highWght several processes whiclrhave been developed 
and implemented at ASE to abate the environmental impact of PV 
manufacturing and address product life cycle concerns. Foremost among these 
are pioneering work on the use of lead-free solder paste for cell 
interconnect, and development of new technology to reduce the volume of 
acids used in manufacturing in the areas of wafer etching/cleaning and 
phosphorus glass etching. (9 Refs) 
Subfile: B 

Descriptors: certification; environmental factors; etching; ISO standards 
; management; solar cells; soldering; surface cleaning 
Copyright 2 001, lEE 



15/7, DE/2 (Item 2 from file: 2) 

DIALOG (R) File 2 : INSPEC 

(c) 2003 Institution of Electrical Engineers. All rts. reserv. 

4834245 INSPEC Abstract Number: B9501-2210D-026 
Title: Material and assembly issues of non-lead bearing solder alloys 
Author (s): Melton, C; Skipor, A.; Thome, J. 
Author Affiliation: Motorola, Inc., Schaumburg, IL, USA 
p. 1489-94 vol.3 

Publisher: Reed Exhibition Companies, Des Plaines, IL, USA 
Publication Date: 1993 Country of Publication: USA 3 vol. 2022 pp. 

Conference Title: Proceedings of NEPCON West 

Conference Date: 7-11 Feb. 1993 Conference Location: Anaheim, CA, USA 
Language: English Document Type: Conference Paper (PA) 

Treatment: Practical (P) ; Experimental (X) 

Abstract: Environmental concerns have prompted recent federal mandates to 
tax or ban the usage of lead. The potential effect of this legislation on 
the assembly of electronic components has stirred interest in identifying 
alternative interconnect materials. This paper discusses solder pastes 
comprised of non-lead bearing solder alloys with emphasis on current 
processing changes that might be warranted due to the use of alternative 
flux/alloy combinations. The main technical issues to be addressed are in 
the realm of solder wettability, . manufacturing process issues and the 
reliability performance of these materials in electronic assemblies. (10 
Refs) 
Subfile: B 

Descriptors: assembling; circuit reliability; environmental engineering; 
legislation; packaging; printed circuit manufacture; soldering; wetting 
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DIALOG(R) File 347:JAPIO 
(c) 2003 JPO 5c JAPIO. All rts. reserv. 

07348943 

SOLAR CELL, INTERCONNECTOR AND STRING FOR THE SOLAR CELL 



PUB . NO . : 
PUBLISHED: 




^2002^217434 [JP 2002217434 A] 
August 02, 2002 (20020802) 
TANAKA SATOSHI 

SHARP CORP 

2001-011603 [JP 20011011603] 
January 19, 2001 (20010119) 



INVENTOR (s) : 
APPLICANT (s) 



APPL . NO . : 
FILED: 



ABSTRACT 



PROBLEM TO BE SOLVED: To provide a solar battery which can maintain proper 



cell characteristics and^s coated with a lead-free ^rolder which does not 
contain lead. 

SOLUTION: This solar battery includes electrodes 5, 6 which are coated with 
a lead-free solder which does not contain lead. 

COPYRIGHT: (C)2002,JPO 



15/7, DE/4 (Item 1 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 
(c) 2003 Thomson Derwent . All rts. reserv. 

014915532 

WPI Acc No: 2002-736239/200280 

Solar cell consists of electrodes which are covered by lead free solder 
layer 

Patent Assignee: SHARP KK (SHAF ); TANAKA S (TANA-I) 

Inventor: TANAKA S 

Number of Countries: 002 Number of Patents: 002 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

^JP 2002217434 A 20020802 JP 200111603 A 20010119 200280 B 
MJS 20020148499 Al 20021017 US 200238681 A 20020108 200281 

Priority Applications (No Type Date) : JP 200111603 A 20010119 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
JP 2002217434 A 8 HOlL-031/04 

US 20020148499 Al HOlL-031/OO 

Abstract (Basic) : JP 2002217434 A 
Abstract (Basic) : 

NOVELTY - The solar cell has silver electrodes (5,6) which are 
covered by lead free solder layer (8) like Sn-Bi-Ag and Sn-Ag solder, 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following: 

(1) Interconnector for solar cell; and 

(2) String. 

USE - Solar cell. 

ADVANTAGE - Obtains favorable cell characteristics without 
environmental problems . 

DESCRIPTION OF DRAWING (S) - The figure shows the sectional drawing 
of the solar cell. 

Silver electrodes (5,6) 

Lead free solder layers (8) 

pp; 8 DwgNo 4/5 

Title Terms: SOLAR; CELL; CONSIST; ELECTRODE; COVER; LEAD; FREE; SOLDER; 

LAYER 

Derwent Class: L03; M26; P55; Ull; U12; X15 

International Patent Class (Main) : HOlL-031/00; HOlL-031/04 
International Patent Class (Additional): B23K-001/00; B23K-001/20; 

B23K-035/26 

?t sl6/ti/all 



16/TI/l (Item 1 from file: 2) 

DIALOG (R) File 2:(c) 2003 Institution of Electrical Engineers. All rts. 
reserv. 



Title: An assessment of lead free solder (Sn3.7AgO.8Cu) wettability 



16/TI/2 (Item 2 from file: 2) 

DIALOG (R) File 2:(c) 2003 Institution of Electrical Engineers. All rts. 
reserv. 

Title: Controllability of novel Sn/sub 0.95/Au/sub 0.05/ microbumps using 
interlaminated tin and gold layers for flip-chip interconnection 

16/TI/3 (Item 3 from file: 2) 

DIALOG (R) File 2:(c) 2003 Institution of Electrical Engineers. All rts. 
reserv. 

Title: Lead free interconnection technology and the environment 
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Title: Challenges and opportunities in lead-free solder PCB assembly 
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Title: Pressfit technology for 3-D molded interconnect devices (MID) - A 
lead- free alternative to solder joints - challenges and solutions concepts 
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Title: Lead-free solder bump technologies for flip-chip electronic 
packaging applications 
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Title: Board level reliability of lead-free soldered interconnects on 
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Title: Board level reliability of lead free soldered interconnections 
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DIALOG (R) File 2:(c) 2003 Institution of Electrical Engineers. All rts. 
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Title: Pb-free solders for flip-chip interconnects 

16/TI/22 (Item 22 from file: 2) 
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Abstract: The National Electronics Manufacturing Initiative (NEMI) 
standardized lead free solder tin/silver/copper (SnAgCu) ternary system in 
January 2000. This Sn3.7AgO.8Cu has higher melting temperature of 217 
degrees C as compared with current eutectic tin/lead solder (63Sn/37Pb; 183 
degrees C) . Thus, it is a challenge to electronic lead free packaging that 
requires higher reflow temperature. Optimizing lead-free-ref low-soldering 
process in second level interconnection is a critical step to ensure 
reliable solder joint is properly manufactured. This paper presents the 
assessment of lead free solder wettability. It covers a wide range of 
soldering parameters with 4 dominant factors and 14 variables. They are 4 
different printed circuit board surface coatings (organic surface 
preservative, OSP; immersion silver, ImAg; electroless nickel immersion 
gold, ENIG and tin/lead hot air solder leveling), 4 different fluxes in 
SnAgCu solder pastes, 3 different reflow peak temperatures (225 degrees C, 
230 degrees C and 235 degrees C) and 3 different ranges of time above 
liquidous (30-60s, 60-90s and 120-150s) . A test board is designed in these 
studies. Wetting angles are output parameters and measured using a 
noncontact laser measurement system. (14 Refs) 
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Abstract: Trends of growing consumption, decreasing product lifetime and 



new application fields in nlarly all industry segment^lead to an enormous 
increase of electronics products. The production of raw materials and 
products, their use as well as the end of life treatment of these products 
cause considerable environmental impacts. To minimise hazards to human 
health and the environment, .an' economic growth in a sense of sustainable 
development has to be realised and new products and process technologies 
should proof that they contribute to the solution of global environmental 
issues. In this paper the interconnection technologies as key technologies 
for future products ore discussed in correlation to their environmental 
behaviour. At • the present a transition to lead free soldering takes place 
worldwide. In that respect various environmental aspects of the different 
lead free interconnection systems (solders and surface finishes) should be 
compared in order to find the best solution from an ecological point of 
view. {4 Refs) 
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Abstract: The development of a constitutive model for predicting the 
thermal -mechanical fatigue (TMF) of 95 . 5Sn-3 . 9Ag-0 . 6Cu (wt.%) Pb-free 
solder interconnects requires the measurement of time -independent 
mechanical and physical properties. Yield stress was measured over the 
•temperature range of -25-160 degrees C using strain rates of 4.2 * 10/sup 
-5/ s/sup -1/ and 8.3 * 10/sup -4/ s/sup -l/. The yield-stress values 
ranged from approximately 40 MPa at -25 degrees C to 10 MPa at 160 degrees 
C for tests performed at 4 . 2 * 10/sup -5/ s/sup -l/. The faster strain rate 
and specimen aging had a limited impact on the yield stress. The true 
stress/true strain curves indicated that dynamic -recovery and 
dynamic-recrystallization processes took place in as-cast samples exposed 
to temperatures of 125 degrees C and 160 degrees C, respectively, while 
tested at a strain rate of 4.2 * 10/sup -5/ s/sup -1/. Aging the sample 
prior to testing, as well as a faster strain rate, mitigated both 
phenomena. Dynamic Young's modulus values ranged from 55 GPa at -50 degrees 
C to 35 GPa at 200 degrees C, while the coefficient of thermal expansion 
(CTE) increased from approximately 12 * 10/sup -6/ degrees C/sup -1/ to 24 
* 10/sup >6/ degrees C/sup. -1/ for the same temperature range. The aging 
treatment had little effect on either Young's modulus or the CTE. (9 Refs) 
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Abstract: This paper is an overview of the issues involved in lead-free 
solder PCB assembly, including solder alloy characteristics, metallurgical 
interactions and compatibility, solder paste requirements, and impact on 
PCB and components. Electrochemical and mechanical reliability issues for 
lead- free solder interconnects are discussed. Process development for 
lead-free soldering is discussed for reflow, wave soldering, and rework. 
Quality, equipment, cost, and design issues are also . reviewed. The 
transition to lead- free soldering needs to be carefully managed, and 
industry-wide cooperation is critical to achieving a smooth transition. ( 
22 Refs) 
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Abstract: We describe the fabrication and characterization of five 
different types of lead- free solder bump interconnections for use in 
various flip-chip electronic packaging applications. Lead-free solder bumps 
were fabricated from pure-tin (Sn) , tin-bismuth (Sn:Bi) , eutectic 
tin-copper (Sn:Cu) , eutectic tin-silver (Sn:Ag) , and ternary 
tin-silver-copper (Sn:Ag:Cu) alloys. The fabrication process consisted of 
electrolytic plating, using a fountain (cup) plater, of a 5 mu m thick 
copper under-bump-metal (UBM) onto which was plated the lead- free solder 
bump. The as-plated bumps were subsequently re-flowed in a 5-2one re-flow 
oven. Due to the characteristic high- tin compositions of the lead- free 
solder alloys, which can cause the rapid and uneven formation of tin-copper 
intermetallics at the bump-UBM interface upon re- flow, a unique proprietary 
nickel "cap" using a single photolithography process that completely 
encapsulates the copper UBM was developed. Two different- test ■ structures, 
one with perimeter- and a second with area-distributed solder bumps, each 
with bumps of average size 125 mu m diameter (post-re-flow) were fabricated 
onto ".daisy-chain" wafers to characterize the lead-free solder bumping and 
bonding processes and to conduct a series of reliability tests. 
Characterization of the properties of the lead-free bumps included the use 
of Scanning Electron Microscopy (SEM) , Energy Dispersive X-ray (EDX) , Auger 
Electron Spectroscopy (AES) , micro-sectioning, and ball shear measurements 
for which the bumps were re- flowed multiple times and subjected to ball 
shear tests in-between re- flows to study the formation of intermetallic 
compounds. Lead-free solder bumped "daisy-chain" test die were also 
flip-chip bonded onto BT-epoxy substrates with patterned copper traces 
overplated with nickel/gold. The bonded die were underfilled and subjected 
to environmental tests consisting high- temperature storage, thermal 
cycling, and accelerated aging. Details of the lead-free solder bump 
fabrication process together with the performance results including their 
electrical, mechanical, and reliability characteristics will be presented 
for all five lead-free alloys chosen in this study. (4 Refs) 
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Abstract: A novel lead-:^^e flip-chip technology fo^mounting high-speed 
compound semiconductor ICs, which have a relatively severe limitation 
regarding high-heat treatment, is presented. Solder bump interconnections 
of 0 . 95Sn-0 , 05Au were successfully fabricated by ref lowing multilayer metal 
film at as low a temperature as 22 0 degrees C. The bumps were designed to 
have a diameter of 3 6 mu m with a gap between the chip and the motherboard 
of 24 mu m. The electrical characteristics of flip-chip-mounted coplanar 
waveguide chips were measured. The deterioration in reflection loss in the 
flip chip mounting was less than 3 dB for frequencies up to W-band. (7 
Refs) 
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Abstract: Describes the fabrication and characterization of five 
different types of lead- free solder bump interconnections for use in 
flip-chip electronic packaging applications. Lead-free solder bumps were 
fabricated from pure-tin (Sn) , tin-bismuth (Sn:Bi), eutectic tin-copper 
(Sn:Cu), eutectic tin-silver (Sn:Ag) , and ternary tin-silver-copper 
(Sn:Ag:Cu) alloys. The fabrication process consists of the electrolytic 
plating, using a' fountain (cup) plater, of a 5 mu m thick copper 
under-bump-metal (UBM) onto which is plated the lead- free solder. The 
as-plated bumps were subsequently re- flowed in a 5 -zone ref low oven. A 
unique proprietary nickel "cap" using a single photolithography process 
that completely encapsulates the copper UBM was developed. Two different 
test structures, one with perimeter- and a second with area-distributed 
solder bumps, each with bumps of average size 12 5 mu m diameter 
(post-re- flow) were fabricated onto "daisy-chain" wafers to characterize 
the lead- free solder bumping and bonding process and to conduct a series of 
reliability tests. (4 Refs) 
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Abstract: Chip interconnect (solder to silicon) reliability is one of the 
critical elements in the qualification of flip-chip bumping technology. 
Since the interconnect materials, structures and processes vary in 
different bumping technologies, the strength and reliability must be 
evaluated for each design. As lead- free solders are used in the system, the 
intermetallics associated with the lead-free solders and the UBM (under 
bump metallurgy) has also influence on the interconnect reliability. In 
addition, the stress that an interconnect experiences during thermal 
cycling depends on the properties of the solder alloy used in the 
interconnect. Different solder alloys require different interconnect 
strengths to achieve good reliability in thermal cycling. This paper 
reports on a study of interconnect reliability by comparing the 
interconnect strength and the working stress in the interconnect during 
qualification and application. A simple stress model was developed to 
determine the interconnect stress during thermal cycling, A testing 
methodology was established for determining the interconnect strength. In 
this report, the reliability of several interconnect structures in several 
lead- free solder systems, including Sn/Ag, Sn/Ag/Cu and Sn/Cu solders and 
the Ni-Au and TiW-Cu UBMs were studied. (4 Refs) 
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Abstract: Lead-free solder for electronic assemblies and systems is fast 
becoming a reality primarily because of market driven forces. While the 
industry has identified possible alternatives to SnPb solder, much work 
still needs to be done, especially in the following areas: solder materials 
characterization (temperature and stress dependent inelastic behavior creep 
and stress relaxation, bulk versus joint behavior) , failure mechanisms 
related to the solder joints of the new alloys (will creep deformation 
still play a dominant role for e.g. thermally induced low cycle fatigue?), 
temperature cycle data, for instance, on real components (acceleration 
factors may depend on accelerated test conditions and solder alloys, and 
field conditions may be much more benign than accelerated test conditions) , 
life prediction models (models have to incorporate time and temperature 
dependent behavior of solders, implementation of constitutive equation in 
FEA software is one of the keys, isothermal fatigue data should not be 
useful for life prediction model development) , solder-surface interactions 
(solder reacts with metallization to form interfacial intermetallics , 
intermetallics grow with time and temperature, metallization consumption by 
intermetallic growth, intermetallics within the solder, thermo-mechanical 
properties of the intermetallics), and assembly process development. The 
impact of some of these issues on the reliability assessment of lead-free 
solder interconnects through experiments and FE calculations is discussed 
in the paper, shown on examples like SMD- components and Flip-Chips. (8 
Refs) 
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Title: Board level reliability of lead-free soldered interconnects on 
conventional and area array components 

Author(s): Albrecht, H.J.; Wilke, K. 
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Material Identity Number: XX-2001-01534 

Conference Title: Proceedings of SMTA International 
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Medium: Also available on CD-ROM in PDF format 
Language: English Document Type: Conference Paper (PA) 
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Abstract: In this paper, environmentally benign solders were discussed 
related to the ability of interaction to different surface finishes on 
package and board side, investigated for compatibility with existing 
process parameters and to describe' the board level reliability compared to 
conventional solder materials. The material selection is done based on the 
results of the European Ideals Project and the further demands to implement 
lead-free solders successfully (lead-free, low melting, high fatigue 
resistant for extended applications under the operating point of view) . 
Including the Ideals activities, SnAgCu alloys (pastes) were tested 
relating to wetting, spreading, dissolution, reflow profile optimization, 
3 -dimensional defects in comparison with organic vehicles used in the 
solder paste, interaction with conventional and lead-free finishes on 
package and board side, and intermetallic formation and fatigue properties. 
With the pressure .of green assemblies, one of the challenges is to select 
and analyse an alternative solder alloy that is manuf acturable (as powder 
as well as bath solder) , cost effective, available, and reliable compared 
to conventional solder alloys. (14 Refs) 
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Abstract: . This paper discusses reliability issues related to lead-free 
printed circuit board interconnects. A comprehensive review of the 
published literature was carried out, and complemented further by 
reliability experiments that have been conducted to understand the behavior 
of some of the lead-free alternatives. The failure mechanisms for lead-free 
flip chips during accelerated testing are discussed. Some of the 
metallurgical effects due to the change in soldering system are also 
reviewed. In the case of assembly of lead- free flip chips, solder joint 
properties were still found to depend on the reflow profile (peak 



temperature and time aboW the liquidus temperature). The ultimate shear 
strength of Sn/Ag/Cu (SAC) joints on Ni/Au- coated substrate pads proved 
very sensitive to small changes in peak temperature and time above 
liquidus. A similar effect was not observed on Cu/OSP pads. The reflow 
profile with a lower peak temperature and a lower time above the liquidus 
temperature gave slightly lower shear strength of joints between two 
Ni-pads, while the profile with a higher peak temperature and a higher time 
above the liquidus gave a considerably higher strength. Not surprisingly, 
the fatigue resistance of both encapsulated and nonencapsulated Sn/Ag/Cu 
joints was significantly lower on Ni/Au-pads than on Cu/OSP. (15 Refs) 
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Abstract: Flip chip technology has been heavily focused on developing and 
refining the next generation of flip chip assembly and reliability; yet, 
little attention has been paid to the environmentally conscious aspects of 
manufacturing and high process throughput. Pending legislation restricting 
the use of lead in Europe and Japan and environmental concerns have forced 
flip chip technology to address new ways to meet safety and environmental 
requirements for the materials and processes used during assembly. The 
focus of this work is to implement advanced lead- free solder interconnect 
technology with halogen- free high density microvia substrates and define a 
systems-level low-cost flip chip material and process technology minimizing 
environmental impact. The ultimate objective is to ensure that 
environmentally friendly materials are selected, along with acceptable 
process technology for all materials as well as for the flip chip assembly. 
(7 Refs) 
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Abstract: Promising Pb-free solder alternatives for surface mount 
assembly include eutectic Sn/Ag, eutectic Sn/Cu, Sn95/Sb5, eutectic Sn/Bi, 
Sn/Ag/Cu, Sn/Ag/Cu/X, Sn/Bi/Ag/X, Sn/Zn/X, and Sn/In/Ag/ (X) . However, for 
wafer level area array solder bump interconnects, most of those options 
fall short in terms of fatigue resistance. Sn/In/Ag/ (X) appears to be 
superior when compared with Sn63/Pb37, as demonstrated by Sn/In/Ag/Cu. For 
applications involving high Pb solders, no solder alternatives have been 
developed yet. While the industry is advancing toward finer, smaller, 
lighter, and faster, wafer level packages using area array solder 
interconnects are suffering from soft errors due to alpha particle 
emissions from Pb in the solders. Although Pb-free solder alternatives for 
eutectic Sn/Pb are virtually free from alpha emissions, the continuous 
dependence on the use of high-Pb solders for C4 applications indicates that 
the challenge of alpha emissions from Pb-containing solders will persist 
regardless of the Pb-free moves of the industry. This challenge is getting 
tougher with the rapid advancement of IC design toward further 
miniaturization. Low alpha lead can be obtained from cold lead ore, old 
lead, and the laser isotope separation process, with the latter having 
potential as a long term solution. Low alpha lead is very expensive when 
compared with regular lead. Due to the increase in I/O density, required 
alpha emission levels may soon move from LC2 to LC3 level. The supply of 
low alpha lead for wafer level interconnects does not seem to be an issue. 
(21 Refs) 
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Language: English Document Type: Conference Paper (PA) 
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Abstract: Recently, lead- free activities have taken center stage in the 
electronics package and assembly industry worldwide. Lead is widely 
reported to be related to certain health risks, and Japan, the USA and 
Europe have taken initiatives to reduce and eliminate lead in 
interconnection materials. In this paper, environmentally benign solders 
are discussed relative to their ability to interact with different surface 
finishes on packages and boards, for compatibility with existing process 
parameters and for board level reliability compared to conventional solder 
materials. The material selection is done based on the results of the 
European Ideals Project (Warwick, 1999) and further demands for successful 
lead-free solder implementation, e.g. low melting point, and high fatigue 
resistance for extended applications from an operating viewpoint. Including 
the Ideals activities to date, 211 lead-free alloys (pastes) were tested 
for wetting, spreading, dissolution, reflow profile optimization, 3D 
defects in comparison with organic vehicles used in the solder paste, 
interaction with conventional and lead-free finishes on packages and 
boards, intermetallic formation and fatigue properties. In order to 
characterize the primary alloy of choice, accelerated aging tests such as 
TCTs and PCTs were used to analyze board level reliability of various 
solder pastes. The paper outlines Pb-free paste analysis compared to 
conventional solder paste for conventional SMD components and CSPs . 
Important points of interest are processability relative to existing SMD 
processes and the board level reliability, which are primary acceptance 
criteria for implementation. (16 Refs) 
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Abstract: A variety o^^ead-free solder alloys were studied for use as 
flip-chip interconnects including Sn-3 . 5Ag, Sn-0.7Cu, Sn-3 . 8Ag-0-. 7Cu, and 
eutectic Sn-37Pb as a baseline. The reaction behaviour and reliability of 
these solders were determined in a flip-chip configuration using a variety 
of under-bump metallurgies (TiW-Cu, electrolytic nickel, and electroless 
Ni-P/Au) . The solder microstructure and intermetallic reaction products and 
kinetics were determined. The Sn-0.7Cu solder has a large grain structure 
and the Sn-3.5Ag and Sn-3 . 8Ag-0 . 7Cu have a fine lamellar two-phase 
structure of tin and Ag/sub 3/Sn. The intermetallic compounds, were similar 
for all the lead-free alloys. On Ni, Ni/sub 3/Sn/sub 4/ formed and on 
copper, two-phase Cu/sub 6/Sn/sub 5/Cu/sub 3/Sn formed. During reflow, the 
intermetallic growth rate was faster for the lead-free alloys, compared to 
eutectic tin-lead. In solid-state aging, however, the interfacial 
intermetallic compounds grew faster with the tin-lead solder than for the 
lead-free alloys. The reliability tests performed included shear strength 
and thermomechanical fatigue behaviour. The lower strength Sn-0.7Cu alloy 
also had the best thermomechanical fatigue behaviour. Failures occurred 
near the solder/intermetallic interface for all alloys except Sn-0.7Cu, 
which deformed by grain sliding and failed in the center of the joint. 
Based on this study, the optimal solder alloy for flip-chip applications is 
identified as eutectic Sn-0.7Cu. (33 Refs) 
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Abstract: Microchemistry and mechanical properties of a 
copper/tinrbismuth Pb-free solder interconnect were examined in the 
as-reflowed and aged conditions by in situ Auger fracture and interface 
fracture mechanics techniques. In the as-reflowed condition, the 
solder-copper interface was highly resistant to fracture, and the fracture 
mechanism was ductile with the crack path following the interface between 
the solder alloy and the copper-tin intermetallic phase. Upon thermal 
aging, bismuth segregation was found to occur on the copper- intermetallic 
interface. Auger depth profiling indicated that the segregation was 
confined to about one monolayer from the interface. The segregation was 
shown to embrittle the interface, resulting in an approximately 5- fold 
decrease in the interfacial fracture resistance. (32 Refs) 
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Abstract: There is world-wide concern about the potential ecological 
impacts of lead-based solders, present in old electronic equipment buried 
in landfill sites. This paper reports the results of over nine years R and 
D at Nortel Networks on identification, evaluation and deployment of 
lead- free solders for printed circuit board assembly. This work has 
resulted in the production of the world's first virtually lead-free 
telephone-the Nortel Meridian 8009-by using a lead-free, tin-copper solder. 
To date, this telephone has passed a battery of functional tests and logged 
over 3.5 years of fault-free operation in normal usage. Other applications 
include mobile telephones and backplanes for PABXs . The technical and 
economic criteria used to select the tin-copper alloy are described, 
together with progress in producing compatible HASL tin-copper PCB finishes 
and tin-copper plated finishes on components. Reliability aspects of this 
alloy are also discussed. The challenges remaining to implement this 
lead- free technology into more complex telecommunications components 
including array packages and chip scale semiconductors via the jetting of 
lead free alloy spheres are discussed. The replacement of high lead, high 
melting point circa. 280 degrees C solder alloys is another topic that will 
be addressed. (7 Refs) 
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Abstract: A new family of. Pb-free solder alloys based on Sn-Ag-Cu is 
being developed for use by the electronics industry in response to health 
and environmental concerns and to meet emerging requirements for solders 
with improved strength at ambient and elevated temperatures. The recent 
discovery of the ternary eutectic composition Sn-4.7 Ag-1.7 Cu (wt.%), with 
T/sub e/=217 degrees C, is the basis for the new solders, which can compete 
with Sn-Pb solders and Sn-Ag eutectic solder. Sn-Ag-Cu solder appears well 
suited for use in electronic packaging applications for harsh environments, 
e.g. automotive and avionics, but may also be applied broadly in 
electronics, capacitor interconnects, electrical and mechanical connectors, 
and heat exchanger manufacturing. This paper sumimarizes the initial 
discovery, phase diagram studies, and related microstructural analysis of 
the new ternary eutectic alloy. A brief description of applied studies with 
solder paste, wire, and bath processing results is also included. (6 Refs) 
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Abstract: Considerable development and research has been conducted over 
the last 25 years by many areas of manufacturing to reduce the use of lead 
and to limit, human exposure to lead and products containing lead. The 



elimination of lead fron^all manufacturing products, whether through 
legislation or through tax incentives, will have a significant impact on 
electronic interconnect technologies. The National Center for Manufacturing 
Sciences (NCMS) , a cooperative research consortium of more than 215 US 
North American manufacturers, established multi-year programs, Lead Free 
Solder Project (LFSP) and Conductive Polymer Interconnect Project (CPIP) , 
involving participants from industry, academia, and national laboratories. 
The objective of these programs is to identify lead free solder alternative 
replacement (s) and conductive polymeric materials for lead bearing solders 
in the electronics industry. The new materials must meet the interconnect 
performance requirements at operating environments ranging from -55 to +18 0 
degrees centigrade. Numerous lead free alloy solders, each exhibiting 
unique properties, have been used by electronic manufacturers in specific 
applications. The major usage of. conductive adhesives has been in consumer 
electronics and children's toys. Before any of these new lead free 
materials can be applied to the widely diverse electronics industry, 
considerable research and development is required. The NCMS programs 
involve a study of the material properties, manuf acturability , modeling and 
reliability predictions, economic impact, and toxicological properties. (0 
Refs) 
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Abstract: Proposed legislation and regulation dealing with the use of 
lead in commercial products are the main driving forces in the search for 
lead-free solder replacements in printed circuit board assembly. Research 
into potential replacements for the use of lead-tin solder in surface mount 
applications has prompted examination of alternative interconnect materials 
which not only include lead- free solder alloys but also address the use of 
nonmetallic-based attachment systems. The author discusses the available 
free-lead substitutes with emphasis on performance considerations and 
current processing changes that might be warranted due to the use of 
alternative interconnected materials. The choice of a joining material will 
necessitate consideration and optimization of the entire assembly process, 
its individual constituents, and the resulting performance. A significant 
development effort will be required for joining material substitution to 



present assembly practic^P and successful implementation into electronic 
product manufacturing. {5 Refs) 
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ABSTRACT 

PURPOSE: To Stably solder adjacent lead wirings without being 
interconnected by reforming the structure of solder for connection between 
the lead wirings and lead conductors. 

CONSTITUTION: A heat insulating vessel of Dewar structure consists of an 
outer cylinder 1 provided with a photo transmission window 3 and an inner 
cylinder 2 arranged with a photoelectric conversion element 5 on a cooling 
base 4. A plurality of lead wiring films 7 are arranged on the outer 
peripheral surface of the inner cylinder 2, and* a solder film 12 of an AuGe 
alloy, etc. is adhesion- formed at the end parts 7a and 7b. Conductive film 
patterns 9 which lead signal out of the tube are provided on a ceramic 
terminal material 8 sealed in the form of transverse across a part of the 
vessel wall of the outer cylinder 1. The lead conductors 10 and 11 of lead 
frame constitution fixed previously to the photoelectric conversion element 
5 and the conductive film patterns 9 are thermally fixed by pressure and 
connected respectively to each connection end part 7a and 7b of the lead 
wiring films 7 via the solder film 12. 
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Abstract (Basic) : US 20020192443 Al 
Abstract (Basic) : 

NOVELTY - The solder structure (15) has a joiner interconnect 
(18,34) provided with a lead- free joiner solder and has a core 
interconnect (46) provided with a lead-free core solder. The joiner 
interconnect solderably couples one end of core interconnect to the 
electronic component (12,30). 

A liquidus temperature of joiner solder is less than the solidus 
temperature of core solder. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is included for method 
of forming electronic structure. 

USE - Used for electronic package to couple a chip carrier to 
circuit card. 

ADVANTAGE - Provides a lead- free solder interconnect structure for 
coupling a chip carrier to a circuit card. 

DESCRIPTION OF DRAWING (S) - The figure shows the front, 
cross-sectional view of the solder interconnect structure. 

electronic component (12,30) 

solder structure (15) 

joiner interconnect (18,34) 

core interconnect (46) 
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Abstract (Basic) : US 6433425 Bl 
Abstract (Basic) : 

NOVELTY - An electronic structure comprises electronic component 
and solder structure. The solder structure has joiner interconnect 
having joiner solder and core interconnect having core solder. The 
joiner and core solder are lead free. The joiner couples core 
interconnect end to electronic component . A liquidus temperature of 
joiner solder is less than a solidus temperature of the core solder. 
USE - Forming electronic package. 

ADVANTAGE - The structure does not comprise any lead component that 
is toxic and environmentally hazardous. 

DESCRIPTION OF DRAWING (S) - The drawing shows a front, 
cross-section of an electronic structure including core interconnect of 
solder ball . 

Electronic components (12, 30) 

Core interconnect (16) 

Joiner solder (18) 
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Abstract (Basic) : WO 200240213 Al 
Abstract (Basic) : 

NOVELTY - Lead- free solder alloy has liquidus melting temperature 
below 215 degrees C and consists essentially of 76-96% of tin (Sn) , 
0.2-2.5% of copper (Cu) , 2.5-4.5% of silver (Ag) and above 0 to 12% 
(preferably up to 8%) of indium (In) . 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are given for lead free 
■ solder alloys containing: 

(i) 76-96% Sn, 0.2-2.5% Cu, 2.5-4.5% Ag, above 0 to 12% In and 
above 0 to 2% antimony, 

(ii) 76-96% Sn, 0.2-2.5% Cu, 2.5-4.5% Ag, above 0 to 12% In and 
0.5-5% bismuth (Bi) and having liquidus melting temperature below about 
215 degrees C, 

(iii) 76-96% Sn, 0.2-2.5% Cu, 2.5-4.5% Ag, above 0 to 12% In, 
0.5-5% Bi and above 0 to 2% antimony (Sb) , or 

(g) 76-96% Sn, 0.2-2.5% Cu, 2-3.5% Ag, 0.5-5% bismuth. 
USE - For use in soldering and solder interconnections, in 
microelectronics and electronics applications. 

ADVANTAGE - The lead free solder has high-strength, and high 
fatigue resistance to withstand the increasingly adverse and harsh 
conditions in microelectronic and electronic applications. Lead- free 
solder has a moderate melting range. Lead-free solder alloy can readily 
wet common metallic substrates such as Sn, Cu, Ag, Au, Pd and Ni in 
microelectronic and electronic manufacturing to form sound and reliable 
solder joints without fluxes that are unacceptable to electronic 
manufacturing. Lead-free solder can adapt to the established electronic 
manufacturing process and infrastructure without requiring major 
changes in materials, processes and components. The alloy can be used 
as paste, powder, bars and wires or in soldering processes such as 
reflow oven soldering, wave machine and hand soldering, in materials 
fabrication such as various deposition and coating techniques. 

DESCRIPTION OF DRAWING (S) - The figure shows the wetting force (mN) 
vs. wetting time of the solder alloy: '82 . 3%Sn-0 . 5%Cu-3%Ag-2 . 2%Bi-12%In 
on a Cu coupon at 23,5 degrees C. 
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Abstract (Basic) : US 6176947 Bl 
Abstract (Basic) : 

NOVELTY - A lead-free solder alloy comprises 76-96 wt . % tin, 
0.2-2,5 wt.% copper, 2.5-4.5 wt . % silver, and 6-12 wt . % indium having a 
liquidus melting temperature below 215degreesC. 

USE - For soldering interconnections in microelectronics and 
electronics applications, e.g., mainstream electronics manufacturing. 

ADVANTAGE - The inventive alloy provides high strength, high 
fatigue resistance and high wetting ability having the compatible 
melting temperature with the established printed circuit board 
manufacturing infrastructure. It forms reliable joints, 
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